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ByRobertT.Taylor

Anqerimentalinvestigationhasbeenmadetodeteminetheeffects
ofshroud-ltpradiusofcurmture,shroudlength,andshrouddiffuser
angleonthestaticthrustcharacteristicsofa small-scaleshrouded
propellerwhtchsimulateda propellersubmergedinthewingofanair-.,, Pm “ Alsoincludedaretheeffectsofdistancefromtheexitofthe
shroudtothegroundonthethrustavailablefortake-off.

* Thedataindicatethat whena shroud-lipradiusofcurvaturebelow
6percentofthepropellerdiameterisused,markedreductionsinstattc
thrustefficiencyresult.Relativelyminorlossesinstaticthrusteffi-
ciencyoccurasa resultofdecreasingtheshroudlen@h. Emreasesin
exitarearesulttnsomeminorlossesinstaticthrustefficiencybut
stillallowstistantialIncreasesinstaticthrust.Closeproximttyof
thegroundtotheshroudexitcanresultinverylargelossesinthrust.

ImTRomc!mm

Reducedpropellertiplossesandthe~llitytocontroltheslip-
streamdiametermaketheshroudedpropellerattratiivefortheproduction
ofM@ staticthrustforverticalascent.Sever&lplansforadapting
shroudedpropellerstouseInvertical-take-offaircrafthavebeenpro-
posed.Oneplan(ref.1)involvesaninstallationwherea propelleris
locatedina wingwithitsshsftaxisperpendiculartothewing-chord
plane.Thusshrouded,thepropellerwouldbeusedtopowertheaircraft
inverticaltake-offandlandingmd, astheaircraftgainedsufficient
fo- speed, its weight wouldbetransferredfranthepropellertotheh wing● Thisapplication@pltesa minimumshroudlengthfora given
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propellerdiameter.Certainquestionsthusariseastoproperdesign
ofa relativelyshortshroud.TheminimumLLpradiusofcurvature,the
minimumshroudlengthaheadofthepropellerplane,theminimumshroud
lengthbehindthepropellerplane, andthe diffuser anglepezmisslble
intheexithavea pronouncedbe=ingonshroudlengt&.

TheIangleyAeronauticalLaboratory,therefore,,hasundertakena
systemticinvestigateIontoprovidebasicinformationonshroudconfig-
urationatzeroforwardspeedfora specificshroudedpropellerappli-
cation.PresentedhereinaretheresultsofanagmAmentalinvestiga-
tionatzeroforwardspeedtodeterminetheeffectsof shroud-llpradius,
shroudlengthaheadofthepropeller,shroudlengthbehindthepropellers
anddiffuser anglebehindthepropellerplaneonthestaticthrustchar-
acteristicsofa small-scaleshroudedpropeller.
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Subscripts:
●

E stationatshroudexit

D stationatpropellerplane

m hflnitedistmcefrcmground

AmmATt.Js

ThetestconfigurationusedIn
PmeUer, a shroud,anda platform

ANDTE9TS

thisinvestigationconsistedofa
simulatingtheuppersurfaceofa

wing. Photographsoftheconfigurationarepresented
Figure2(a)isa sketchofthecomponentpartsofthe
andthebalancemountingarrangement.

Theshroudconsistedoflaminatedmahoganyunits
assenibledtotestvariousconibinationsofliPradius,

asfigure1.
testconfiguration

whichcouldbe
shroudlength,

anddiffuser sagle
is asfollows:

*

*

(fig.2(b)).Thermge o>thev&ables investigated

-.
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Shroud-lipradius,R.... . . . . . . . . . . . . . . 0 to0.125D
Shroudlen@haheadofpropeller. . . . . . . . . . . . 0 LUICIo.25D
Shroudlen@hbehindpropeller,2 . . . . . . . . . . .0.03Dto1.03D M-
Diffueerlncludedangle,deg. . . . . . . . . . . . . . 0,7, and14

Thepropellerconsistedofthreeadjustable-pitchbladesof
ClarkY section.Theblade-formcurvesofthepropellerareshownin -
figure3. Theclearancebetweentheprapellerbladetipsandshroud
washeldata constant1/16inch(O.0039D)throughoutthetests.Ref-
erence2 indicatesa smaUlossinthrustatthisvalueoftipclearance,
butfromthepracticalaspectsofthemodelsetupItwasdeemedimportant
tohavesufficienttipclearanceforthetestsendthe1./I6-inchchar: - -
antewasarrivedatonthebasisoftheflexibilityofthemountbetween
thepropellershaftandtheshroud.

Thedynamometerusedtopowerthepropeller wasidenticaltothat
describedinreference3. ~ ~r meas~edthethrufi~ tor- -—
queofthepropellershaft.Thepropellerrotationalspeedwasdeter-
minedby observinga stroboscopictypeofindicator,towhichwasfed
the‘outputfrequencyofa smalLalternatorconnectedtotherotorshaft.

Theentireshroud-propellercombinationendthesimulatedwing
surfaceweremountedona strain-gagebalancewhichmeasuredthestatic
thrustoftheconfiguration.ThemeasurementstakenallowedthecQ-
tationofpropellerthrustinthepresenceoftheshroud,propeller
shaftpower,andthrustofthepropeller-shroudccmibinatlon.Fromthese
-tities itW= possibleto ccmputethestaticthrustefficiency(fig-
ureofmerit)q,theratioofpropellerthrusttototal-conf@ration
thrustTp/T,andtheratioofshroudedpropellerthrusttouuhmded
propellerthrustT/~ througha rangeofpropellerbladeanglesfor
theconfigurationstested.

=ULTS ANDDISCUSSION

EffectofPropellerBladeAngle

Curvesofthestaticthrustefficiencyplottedagainstpropeller
bladeanglefortheunshrouHApropeller(thati~,thepropalleralone)
andfortheshroudedpropellerwithseveralvaluesofshroud-lipradius
ratioR/I)areprese~edInfigure4. Thevaluesofstaticthrust
efficiencyq presentedwereobtainedbyaveragingtheefficiencyover
a reageofrotationalspeeds(powerloadings).TheshroudInthiscam-
parlsonextends1.03diametersbehindtheplaneofthepropellerand
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hasanexitarearatio
AE_l~
AD “ . Themaxhumstaticthrustefficiency

& fortheshroudedpropellerisapproximately10percenthigherthanthat
oftheunshroudedpropellerandoccursata higherbladeangle.The
increaseinbladeangleformaximumefficiencyisduetothehigherveloc-
i@ inducedatthepropellerpleaewiththeshroudinplace.Thus,M
thebladesectionsaretoqpsrateatmaximumlift-dregratio,anincrease
inthebladeangleoftheshroudedpropellerbecomesnecessary.

Thedatain figure4 shuwthemximmstaticthrustefficiencyfor
theshroudedpropellertoberelativelylow.A possibleexplanation
llesinthefactthatthepropellerusedforthesetestswasnotdesigned
totakeadvantageoftheinflowvelocitydistributionoftheshroud.
Also,theunitwasoperatedw#thoutcountervaneswhich,ifused,might
be eqectedtoreducethelossesduetoslipstreamrotation.Itis
believed,however,thattheincremental&sagesh efficiencythatoccur
asa resultofthe~lous ccmfigurationsdonotdependtoanygreat
degreeonthe~ efficiencyoftheshroud-propellerccmibination.

EffectofLipRadius

w Figure5 is a crossplotofthedatafrc?nfigure4 atseveralpropel-
lerbladeanglesandshowsthe~ce ofstaticthrustefficiencyon
theradiusoftheshroudMp . Relativelyseverelossesh attainable

● efficiencyareassociatedwithvaluesoflipradiibelowaboutO.06D.
Exsminattonoftheentranceflowby insertinginita wandwithtuf%s
attachedwhilethepropellerwasoperatingshowedthattheflowentering
theshroudhadseparatedfromthelipsurfacewhenlipradiibelowabout
0.06Dwereused.Itisemphasizedthattheseresultsapplyonlytodata
obtainedunderstaticconditions.Inasmchasthistypeofconfiguration
willacquireforwardspeedinflight,theveloci@acrosstheentrance
perp~- tothepropeUeraxismayreqdre that a vastlydifferent
formoflipbeused.

Figure6 showsthe effectofchangesinshroud-lipradiusonthe
ratioofpropellerthrusttototalthrust~/T. Thesepointsweretaken
atveLuesofbladeangleformsxdmumstaticthrustefficiency.Withthe
largestlipradius,thethrustloadisegpeJlydividedbetweenthepro-
pller andthe shroud,aswouldbee~cted fora straightshroud
(e~OO).Asthelipradiusisreduced,howewr,theloadcarriedby
theshroudisalsoreducedbecauseofthepreviously=ntionedseparation.
Itisinterestingtonote,however,thatevenwitha sharp-edgedentrance
(R/D. O)theshroudstillcarriesaboutx Wrcentofthetotalthrust.
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EffectofPropellerIocationinShroud

A comparisonofcurvesofstaticthrustefficiencyplottedagainst- b
propellerbladeanglefortwopropeller-plana”positionsattwovaluesof -.
lipradiusratioisshownin figure7. Thedataat R/D= 0.0625showed
essentiallynochangeinstaticthrustefficiencywhenthepropellerwas
movedO.= dismeterintotheduct,whereasat R/D=0.0156theonepoint
takenshoweda decreaseinefficiencyofabout6 percent.Readingstaken
withthesmallerlipradiiwereveryunsteady,andconsiderablescatter
waspresentinthedata.Ingeneral,theadvantageoflocatingthepro-
peller0.25Dinsidetheshroudisnegligible. .-

EffectofShroudLengthBehindthe,Propell.erPlane

Theeffectofvaryingshroudlengthbehindthepropellerplaneon
thestaticthrustefficiencyisillustratedinfigure8. Thesedatawere ‘“
takenwithlipradiith@tgavethehighestefficiency.Atthepower
loadingsused(about0.3to3.8horsepowerpersqi%ofpropeller&Lsk ,-
area),thelossesinstaticthrustefficiencyassociatedwithdecreases

-..+

inshroudlengthfrcm1.03to0.03propeller_ters a~eartobe
relativelysmall.Noevidenceofanyappreciablelossduetofriction
ontheinternalsurfaceoftheshroudatthepowerloadingsinvestigated v“
isapparent.A lossofthistypewouldshowupasanincreaseineffi-
ciencywitha decreaseinshroudlength.T& lossesshownforshort
shroudsseemtobeduetoa shroudlengthinsufficienttoallowthepres- t.
sure riseofthepropellertodevelopasaxialdynamicpressure.This
typeoflossmaybemoresevereatpowerlo~ingshigherthanthbseused
inthisinvestigation.

.

EffectofDiffuserAngle

A diffusertoincreasetheexitareaofa shroudedpropelleris
frequentlyproposedasa meansofincreasingthestaticthrustcapacity
oftheunit.Diffuserswithincludedanglesof70and14°weretested
witha lipradiusof0.1250propellerdiemeter,andtheresultsarepre-
sentedinfigures9 to11. Figure9 showst~ effectonstaticthrust
efficiencyofchangesinexitarearatiow AD forincludedanglesof
7° and14°inthediffuser.Thestaticthrustefficiencygradually
decreaseswithanincreaseinexitmea butseemstobe independentof
diffuserangle.A y-percentlossinstaticthrustefficiencyisassoci-
atedwitha ~-percentincreaseinexit~ea~ Itshouldbenotedthat,
ifthefigureofmeritfortheunshroudedpropeller~ hsdbeenused,
thevaluesofefficiencyinfigure9 would~ve incresaedwithincreasing
exitarea.Theefficiencyqs,therefore,isdeemedmorea~rqpriate,
asitrepresentstheratiooftheactualslipstreamenergytotheinput
power.

.
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Althoughtheefficiencyisreducedsomewhat,theuseofdiffusion

intheexit,nevertheless,resultsin a substantialincreaseintotala thrust,asisshowninfigure10. fithersngeofs- lengthsand
diffuseranglesusedinthesetestk,there~ears to be littlechoice
inarrivingata givenexitareawitha l.cmgorwitha shortshroud.
J&reasingarearatiobetweenthepropellerdiskandtheshroudexit
appearstogoverntheincreaseinstaticthrustandthedecreasein
staticthrusteffickncy.Figure10alsoshowsthatthevariationof
theratiooftheshroudedpropellerthrusttotheunahrobdedpropeller
thrust~Tu forconstantpowerisgreater~hentally thanisindi-
catedby simplemomentumtheory(ref.4)by s- 15to20percent.The
incrementshownbetweenexperimentandsimplemc?nentumtheoryisprob-
ablyassociatedwiththedecreasedtiplossesofthepropellerwhenIn
thepresenceoftheshroud.

Theratioofthrustcarried~ thepropellertothetotalshrouded
propellerthrustTp/Z!asa functionofexitarearatioispresentedin
f@re U.. Thiscurve1sinexcellent~ement withthecurveobtained
byshph mcmentumtheory,whichindicatesthatanIncreasingpercentage
ofthetotslthrustiscarried~ theshroudastheexitsxeais
increased.

n

EffectofGroundProximity
*

Theproximityofthegroundtotheexitofa shroudedpropeller
submergedIna wing(orplatfonu)couldbe expectedtoexerta pronounced
effectontheavaihblethrustofthemachine.A configuration(shuwn
infig.12)representinga relativelyshortshroudwasselectedandground
prmdmitytestsweremade.W thiscaseboththeupperandlowersurfaces
ofthewingweresimulated.Theresultsofthesetests~e showninfig-
ure13. The
effectT!/Tm
theground.
thrustratio
effect.The
tested,care
take-offand

.

ratioofthrustin
ispresentedasa
Ata distancefrcm
isabout-1.0ora
figureillustrates
shouldbetakento
landing.

groundeffecttothrustoutofground-
functionofpropellerdiametersabove
&e gr- Of*out0.25-* the

download equaltotheliftoutofground
clearlythatforthetypeofinstallation
providesufficientgroundclearsncefor

CONCLUSION

Teststo determinetheeffect
ofseveralshroud-designvariables

* representinga propellermibmerged
conclusions:

●

onthestaticthrustcharacteristics
ona small-scaleshroudedpropeller
ina wingindicatethefollowing
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1. Relativelyseverelossesinattainable
wereassociatedwithshroud-entrance-lipradii
ofthepropellerdiameter.

IVACAm 4u!6

staticthrustefficiency
snmJ.lerthan6percent

2.Relativelyminorlossesinstaticthrustefficiencywereassoci-
atedwithdecreasesinshroudlengthfrom1.03to0.03prupeller
dismetera.

3. Wtthlnthe-e ofthetestsincreasesinexitareaallowed
stistantlalincreasesinstaticthrustbutdecreasedthestattcthrust
efficiency.

4.Theproximityoftheshroudexittothegroundhadapronounced
adverseeffectonthestaticthrustofa shroudedpropellermilxnerged
Inawtng.

LangleyAeronauticalLaboratory,
NationalAdtisoryCcmmltteeforAeronautics,

LangleyFteld,Va.,July31,1957.
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(a)Three-quarterfrontview. L-96069

Photographofshrouded-propellerconfigurationmountedfor
insimulateduppersurfaceofwing.# = 0.01%;$ = 1.03.



(b)Three-quarterrearview.

Figure1.-COnClu&d.
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